valuating the risk of perioperative cardiac events related to noncardiac surgery is important. [1] [2] [3] [4] [5] [6] [7] [8] [9] Preoperative myocardial perfusion imaging is useful for further stratification of the risk in moderate-and highrisk patients 3,4 because the redistribution findings can be used as predictive factors for cardiac events, and the technique has a high negative predictive value. [5] [6] [7] [8] Moreover, recent studies suggest that the likelihood of cardiac events increases with the severity of the defect score on images evaluated semi-quantitatively 4,6-9 and guidelines for the perioperative cardiovascular evaluation of noncardiac surgery patients were recently published by the ACC/AHA, providing a framework for weighting the cardiac risk of noncardiac surgery based on patients' risk profiles and the type of operation. 10 Of the procedures, aortic surgery is claimed to be high-risk (the reported cardiac risk is often ≥5%), not only because it is highly invasiveness surgery but also because of the high prevalence of coronary artery disease in patients with aortic diseases. 10-12 However, there are few studies regarding preoperative risk stratification in Japanese patients who undergo aortic surgery. 13, 14 Thus, the present study evaluated whether perioperative cardiac events related to aortic surgery can be predicted by preoperative pharmacologic stress myocardial perfusion imaging.
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Methods

Subjects
The subjects of this study were 302 consecutive patients who underwent elective aortic surgery after pharmacologic stress single-photon emission computed tomography (SPECT) between January 1998 and August 2003. SPECT study was performed in all patients unless contraindications such as bronchial asthma and advanced heart block were present. There were 261 men and 41 women, aged 71±10 years (35-86 years); 128 of them (42%) were aged 75 years or older. Medical history of angina pectoris was noted in 19 patients, myocardial infarction (MI) in 26, and heart failure in 5; 19 of them had undergone coronary revascularization. Hypertension was found in 217 patients, hypercholesterolemia in 73, diabetes mellitus (DM) in 55, and renal insufficiency defined as serum creatinine level ≥2.0 mg/dl in 20.
The etiologies of the aortic diseases were type B aortic dissection in 56 patients, thoracic aortic aneurysm in 124, and abdominal aortic aneurysm in 122. The indication for aortic surgery was decided by cardiovascular surgeons based on the anatomical and pathological indications. [15] [16] [17] [18] The type of surgery was conventional open surgery in 75 patients and endovascular surgery with stent -graft placement in 227. Aortic surgery including stent -graft placement was performed under general anesthesia. Approval to perform the endovascular surgery was obtained from the Ethical Committee of Tokyo Medical University. Written informed consent was obtained from all of the patients.
Stress Myocardial Scintigraphy
Pharmacologic stress SPECT was performed ≥15 h after 19 The SPECT image was considered positive if either reversible or fixed defects were present. According to a method reported elsewhere, 20 each SPECT image was divided into 20 segments, with segments 1-3, 7-9, 13-14 and 19-20 corresponding to the areas perfused by the left anterior descending coronary artery, segments 4, 10 and 15-16 corresponding to the areas perfused by the right coronary artery, and segments 5-6, 11-12 and 17-18 corresponding to the areas perfused by the left circumflex coronary artery (Fig 1) . The accumulation of radioisotope in the myocardium was visually evaluated by 2 cardiologists using a 5-grade scale: 0 (normal), 1 (slight reduction of uptake), 2 (moderate reduction of uptake), 3 (severe reduction of uptake) or 4 (absent of radioactive uptake). Disagreements in image interpretation were resolved by consensus. The total of the scores for all the segments during stress and at rest was designated as the summed stress score (SSS) and the summed rest score, respectively. A SSS of ≥14 was considered to indicate severe coronary artery disease, because this cutoff value has been previously reported as identifying a high-risk group for future cardiac events. [21] [22] [23] 
Cardiac Catheterization
The indication for coronary angiography before aortic surgery was decided by the attending physicians based on the clinical risk profiles of patients, results of noninvasive tests, and patients' preference. Multi-direction coronary angiography was performed according to the Judkins' method. The degree of coronary artery stenosis was visually rated using a caliper, according to the American Heart Association. 24 A significant stenosis was deemed as present if ≥75% narrowing of the diameter was noted. For all patients who underwent cardiac catheterization, the treatment strategy was discussed in a clinical conference of the primary physicians, nuclear cardiologists, interventional cardiologists and cardiovascular surgeons.
Perioperative and Postoperative Care
Patient management was entirely dictated by the treating physicians, who were aware of the results of the preoperative pharmacologic stress SPECT. In general, patients with evidence of ischemia on stress SPECT received antianginal medications during and after operation and had intraoperative hemodynamic monitoring with a pulmonary artery catheter. Standard electrocardiographic monitoring was used for the remaining patients. However, no attempt was made to standardize care.
Perioperative Cardiac Events
Perioperative cardiac events were defined if the following events occurred within 30 days postoperatively. Cardiac death was defined as death caused by acute MI, fatal cardiac arrhythmias, or refractory congestive heart failure (CHF). The diagnosis of MI required new Q waves on the electrocardiogram that were at least 0.04 s duration and 0.1 mV in depth, persistent ST-segment depression associated with an elevation in the serum creatine kinase-MB isoenzyme or troponin T. Unstable angina was defined as the appearance of reversible ischemic ST changes (STsegment depression or elevation of ≥0.1 mV on the 12-lead electrocardiogram) with typical cardiac symptoms. CHF was defined as clinical and radiologic evidence of acute pulmonary edema, pulmonary wedge pressure elevation during hemodynamic monitoring, or need for major inotropic support.
Statistical Analysis
The results are presented as mean ± 1 SD. The Student's t-test or Mann-Whitney U-test was used to compare the means of the continuous variables, and contingency tables were analyzed using a chi-square test. To compare the relative prognostic value of patient variables, multivariate logistic regression analysis was used. A p-value of <0.05 was regarded as denoting statistical significance. The computations were performed using the SPSS-PC+ computer program (Version 11.0; SPSS, Chicago, IL, USA).
Results
Outcome of Aortic Surgery in Relation to Myocardial Imaging
Of the 302 patients, pharmacologic stress SPECT revealed positive findings in 92 (30%) and negative findings in 210 (70%). The defects were reversible in 64 of the 92 positive patients (21%), and were fixed in the remaining 28 patients (9%). Preoperative coronary angiography was performed in 33 of the 92 patients with positive SPECT, and a significant stenosis was observed in 25 of them. Of these 25 patients, coronary revascularization was performed before aortic surgery in 9 (coronary artery bypass grafting in 7, and percutaneous coronary intervention in 2) because of left main disease or severe multivessel disease (Fig 2) . The preoperative pharmacologic stress SPECT in 1 patient who underwent percutaneous coronary intervention before aortic surgery is shown in Fig 3. In 59 patients with positive SPECT, coronary angiography was not performed for the following reasons: 22 patients did not have perfusion defects in the areas perfused by the left anterior descending coronary artery; 28 were asymptomatic because they had undergone coronary angiography in the past few years; 9 were asymptomatic, and had mild perfusion defects and no major risk factor.
Of the 227 patients who underwent deployment of a stent -graft, the procedure was successful in all without the need for surgical conversion, and the other 75 patients underwent conventional open aortic surgery as scheduled. Representative images of tomograms from a patient who underwent preoperative coronary revascularization. A reversible defect can be seen in the anterior, inferior and lateral walls; the SSS was 16. Coronary angiography revealed severe multivessel disease, and percutaneous coronary revascularization was successfully performed prior to aortic surgery. In this patient, aortic surgery was performed safely without any perioperative cardiac event.
Perioperative cardiac events occurred in 9 of the 302 patients (3.0%): 3 cases of cardiac death (1.0%), 1 of nonfatal MI, 4 of unstable angina, and 1 of nonfatal CHF ( Table 1) . Three of these 9 patients had a history of MI, and 2 had a history of heart failure. Seven of the 9 patients had positive SPECT, whereas 2 of the patients who suffered unstable angina had negative SPECT (7/92 vs 2/210; p<0.01). By contrast, neither cardiac death nor MI occurred in patients with negative SPECT.
Prediction for Perioperative Cardiac Events
The clinical characteristics and scintigraphic findings were compared between patients with and without cardiac events (Table 2) . Patients with cardiac events had a high prevalence of a history of congestive heart failure or MI, and positive SPECT findings. Multivariate analysis was performed using 5 variables that were statistically significant by univariate analysis ( Table 2 ). The logistic regression analysis revealed that a scintigraphic SSS ≥14 and a history of CHF were the independent predictors for perioperative cardiac events. In particular, the SSS ≥14 was the most important factor to identify patients who subsequently had perioperative cardiac events (Table 3) . After excluding the SSS, multivariate analysis using only 4 of the variables shown in Table 2 showed that a history of CHF was the most important predictor of perioperative cardiac events (odds ratio 35.9; 95% confidence interval, 3.7-350.1; p<0.01). The predictive value of pharmacologic stress SPECT for a cardiac event based only on qualitative findings showed a sensitivity of 78%, specificity of 71%, positive predictive value of 8%, and negative predictive value of 99%. A higher specificity of 93% and a positive predictive value of 23% were observed for SSS ≥14, while the sensitivity of 67% and a negative predictive value of 99% did not decrease significantly (Fig 4) .
Discussion
Of the noncardiac surgeries, aortic operations carry one of the highest operative mortalities in Japan: 7% for thoracic aortic aneurysm and 3% for abdominal aortic aneurysm. 25, 26 To reduce the incidence of perioperative cardiac events, ACC/AHA Guidelines recommend noninvasive testing of moderate-and high-risk patients undergoing such high-risk surgical procedures. 10 As exercise testing is contraindicated to patients with aortic aneurysm or dissection, 3 pharmacologic stress SPECT is the noninvasive test of choice; 1,3 however, preoperative risk stratification for aortic surgery using myocardial perfusion imaging has been seldom reported in Japan. 13, 14 The operative mortality and morbidity in the present study were low as only 3 patients (1%) died and another 6 patients developed nonfatal MI, unstable angina or CHF. The majority of patients were considered to have, at least, intermediate risk for surgery because more than 40% of them were aged ≥75 years, and also because they had either angina, previous MI, DM or renal insufficiency. 10, 27 The low operative mortality of 1% observed in this study, despite the patient population and the inclusion of open procedures, may be partly because approximately 70% of the patients underwent less invasive endovascular surgery; however, it is still lower than the reported operative mortality of 1.9-4.0% for endovascular surgery. 16, 18, 28 In the present study, perioperative risk stratification was undertaken using pharmacologic stress SPECT, which was performed safely in all patients. Although clinical features such as previous MI, DM and renal insufficiency are regarded as having a high predictive value for cardiac events, 10, 27 the SPECT finding of a SSS ≥14 was the best predictor in the present study. In addition, 9 patients with left main disease or severe multivessel disease, who were identified as positive by SPECT study underwent successful coronary revascularization before aortic surgery, which was subsequently also performed safely. This approach may have contributed to the reduced operative mortality. By contrast, none of the patients with a negative SPECT finding died or sustained MI during the perioperative period, and there were only 2 patients who suffered unstable angina. Thus, pharmacologic stress SPECT had a high negative predictive value of 99% for postoperative cardiac events, which is consistent with many previous reports. 1, 6, 7, 10 Based upon our findings, coronary angiography is strongly recommended before elective aortic surgery for patients with positive preoperative SPECT, in particular, those with SSS ≥14. Furthermore, preoperative coronary revascularization should be considered if necessary.
Recently, the value of pharmacologic stress myocardial imaging for preoperative risk assessment before major vascular surgery was questioned. 29, 30 The patient population in both these studies was younger (63-66 years) than in ours (71 years). Baron et al reported mortality of 4.4% and morbidity of 19% in 457 patients who underwent conventional abdominal aortic surgery, 29 and Roghi et al reported mortality and morbidity of 1.5% and 10.4%, respectively, in 320 patients including 119 open aortic procedures. 30 These incidences of adverse clinical outcomes are higher than the results of our study, caused in part by the invasiveness of the procedure used in each of those studies. In addition, myocardial perfusion imaging was qualitatively assessed for the presence or absence of perfusion defects, 29, 30 whereas we used a 20-segment SPECT model to evaluate the extent and severity of coronary artery disease. [21] [22] [23] Although the presence of extensive reversible defects is important for identifying high-risk patients who require preoperative coronary revascularization, we found that the best predictor for perioperative cardiac events was the model-derived SSS. Thus, preoperative qualitative assessment of myocardial imaging alone may not be sufficient. Full utilization of the advantages of this noninvasive test keeps myocardial perfusion imaging as a valuable modality for preoperative risk stratification before surgical treatment of aortic diseases.
The present study has several limitations that are common to any single center study relying upon retrospective data collection. Most importantly, no uniform indications for coronary angiography or coronary intervention were set. The indications for coronary angiography were decided by the attending physicians based on the conventional patient risk profile. In addition, the decision to perform preoperative coronary revascularization was based predominantly on the results of coronary angiography in association with scintigraphic findings in a clinical conference. Therefore, the influence of potential bias on the results of this study cannot be neglected. Nevertheless, the excellent operative outcome derived from our treatment strategy underlines the clinical importance of preoperative risk stratification using pharmacologic stress SPECT before elective aortic surgery.
